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- Tahle 3. Summary of the major characteristics of selected air quality models for PM.

(Seigneur, 2001)

Model  Spatial and Gas-Phase  Aqueous-Phase morganic PM  Organic PM Size Applications to
Temgporal Chemistry Chemistry - (Thermodynamic ‘Distribution Date
Characteristics ' (Mechanism Modale and (Piocesses
and Number of $Species) Treated)
Reactions)
cIT Urban scale, CACM (361 Nore SCAPE2 (S0 42', 42 condensable  Sectional Los Angeles 19
episodic reactions) NOS‘, NH ;, CI",  speciesgrouped  {nucleation, Basin, CA
Na', K, Mg, into 5 condensation,
Ca®, COaz‘. BG,  hydrophobicand  kinetic mass
H,0, other) Shydrophilic ~ transfer)
suffogate species,
primary 0C
DAQM-VZ Urbanio RADM2 (158  19equilibriaand  MARS (SOf'. NO,", 6 hydrophobic Modal Benver, CO 62
regional scale, reactions) § reactions for NH;, HZO, BC, condensable (nucleation,
episodic S0 f‘ other} species, primary  condensation,
0¢ coagufation)
GATOR  Urban, regional Augrmented 67 reactions EQUISOLY Il 10soluble VOG  Sectional Los Angeles 63
to global scale, CBM-IV (more (S0 f‘. NDJ‘, NH,', species, saverab  (nucteation, Basin, CA
-gpisodic than 200 Cr, Na*, K, Mg®™,  nonvolalile condensation, :
reactions) G 0BG, species, primary  coagulation,
H,0. oifier) 0c Kinetic mass
transfer) -
Models-  Urbanto CBM-V (93 19equilibriaand  MARS (SO f‘, NDS'. 6 hydrophobic Madat Eastern United 64
3/CMAQ  regional scale, reattions) or Sreactionsfor  ~ NH 4', 1,0, BC, congensable {nucleation, States; western
episodic io RADM2 (158 S0 f‘ other) spacies, primary ~ condensation, United States;
long-term reactions) oc coagulation) contiguous United
States; Los
Anggles Basin,
CA: Nashville,
TN; Vancouver,
Canada
Models-  Urbanto CBM-IV (93 35 equilibriaand  ISORROPIA (SO fﬂ 38 hydrophobic  Sectional Los Angeles 65
'SICMAO regional scale, ieactions) or 89 reactions Iqr NOa‘, NH 4’, cr, condensable (nueleation, Basin, CA;
EPRICARB episodic CACM (361 S0 42‘ and NO; Na', H,0, BC, species or 42 condensation, Nashvitle, TN
version® reactions) other) condensable hybrid mass
species grouped  transfer)
. into 5
o hydrophohlif: and
: 5 hydrophilic
suriogate
species, primary
0C
SAQM-  Urbanto ' CBM-IV{(-30  None SEQUILIB (SO f‘, Nonvolaile Sectionat SHﬂ\JanUiﬂ 3,66
AERD regionat scale, reactions) NOS‘, NH ;, CI",  species, primary _ (pucleation, Vallay, CA; Los
_ episodic Na*, HZO, BC, oc condensation, Angeles Basin, CA
otfier) hybrid mass
transfer)
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2 3(2) (Seigneur, 2001)

Tahle 3. {cont.)

Madel  Spatial and Gas-Phase . Aqueous-Phase  Inorganic PM  Organic PM Size Applications to References

Temporal Chemistry Chemistry {Thermodynamic Distribution Date
Characteristics {Mechanism Module and {Processes
and Number of Species) Treated)
Readtiuns)
UAM- Urban scale, SAPRCO7 (185 35equifibiaand  ISORROPIA 6 hydrophobic Sectionat " los Angeles 12,56
AERO episodic reactions) reactionsfor (SO f‘, NOQ'. condensable {nucleation, Basin, CA (CRC,
. CRC 3042' andNO,~ N “, CI~, Na', Species, primary _ condensation, - CARB,and
Version® - H,0, BC, ather) 0oC hybrid mass Sun/Wexler
transfer) versions); San
Joaquin Valley,
CA; Salt Lake
City, UT; Tokyo,
Japan (CARB
version)
REMSAD  Regional scale, pGB4 (60 3 reactions for MARS (SUf‘, Primary 0G Fingandcoarse  Eastern United 67,68
Vgrsinn 6 long-term reactions) S0 :‘ b NOQ‘, NH .:' HzD' (condensation)  States; contigtious
BC, other) United States
UAMAERQ- Urban scale, CBM-IV(~90  Simple Paramelerization 2 hydrophobic Fineand coarse  Lds Angeles 69
LT long-term feactions) parameterization (SO _f', NOS‘, condensable {condansation) Basin, CA
for 80, NH,%, O, Naf, species, primary
HZD, BC, other) 0C
UAM-LC  Yrban scale, Parameterized  Simple Parameterfzation  Primary 0C One section Los Angeles 70
fong-term chemistry parameterization (SO f‘. NDG', {condensation) Basin, GA;
. for SO 42‘ . NH,', CF, Na, Phoenix; AZ
H,0, BC, other)
URM Urban to LLC (~100 2 reactions for ISORROPIA Nonvolatile. Seetional Eastern United TR
regional scale, reactions) s0> (80,780, species, primary  {condensation)  States (southern
episodic NH ". CI7, Na*, oc Appalachian
H,0, BC, other) Mouniaing)

*EPRI is formerly Electric Power Research Institute, Palo Alto, CA; CARB is California Air Resources Board, Sacramento, CA; BCRC is Coordinating Research Council, Alpharefta, GA;
the CARB version™ has a paramelerized aqueous-phase chemistry; the version by Sun and Wexler (UAM-AIM) uses the resulls of a Gibbs energy minimization for incrganic aerosol
thermodynamics.

@)
4 (CIT, UAM-AERO, UAM-LC, UAMAERO-LT)

urban-scale

7
regional-scale 3 (REMSAD,
UAMAERO-LT, UAM-LC)
( )
( ) CMAQ

36km
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2
UAM-LC H2SOs4 HNOs OC

CIT CMAQ

©)
CIT, SAQM-AERO, UAMAERO-LT, UAM-LC

REMSAD SO+ CMAQ, UAM-AERO

S042, NOs, CI, COs2

4 ( )
S042, NOs, NH4*, H20, BC
(CIT, GATOR, CMAQ, SAQM-AERO, UAM-AERO, UAM-LC)
Ca2*, Mg2+ 2
GATOR)

®) ( )
ocC 0C(SOA)
REMSAD  UAM-LC
URM  SAQM-AERO
DAQM, CMAQ, UAM-AERO
SOA

2 CIT

(6)

simple (fine and coarse)

REMSAD, UAM-LC, UAMAERO-LC

modal

DAQM, CMAQ

sectional

CIT, GATOR, CMAQ, SAQM-AERO, UAM-AERO, URM
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SOA
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(EPA)
EPA 1980

RADM, UAM

CMAQ
( , 2000)
UAM 2000 (

Wakamatsu et al, 1999; Streets et al,2001; Biswas et al, 2001) EPA CMAQ

CMAQ

CMAQ

Reference (Seigneur, 2001)

19

62

63

64

65

66

12

Griffin, R.J., Dabdub, D., Fraser, M.P.,, Kleeman, M., Cass, G.R., Seinfeld, J.H.
Thermodynamic Simulation of Secondary Organic Aerosol Using a Three-Dimensional
Air Quality Model for Los Angeles. Presented at the 19th Annual American Association
for Aerosol Research Conference, St. Louis, MO, Paper No. 8D2, November 6-10 (2000)
Regional Air Quality Council(RAQC). Development of the Denver Air Quality Model,
version 2, Final Report to the State of Colorado, Office of Energy Conservation: Denver,
CO (1999)

Jacobson, M.Z., Development and Application of a New Air Pollution Modeling System
, Aerosol Module Structure and Design, Atmos. Environ., 31, 131-144 (1997)

Byun, D.W., Ching, J.K.S. Science Algorithms of the EPA Models-3 Community
Multiscale Air Quality (CMAQ) Modeling System, EPA/600/R-99/030, U.S.
Environmental Protection Agency, Office of Research and Development: Washington, DC,
(1999)

Pun, B.; Zhang, Y., Vijayaraghavan, K.; Wu, S.-Y; Seigneur, C.; Seinfeld, J.H.
Development and Initial Application of the Model for Aerosol Dynamics, Reaction,
Ionization, and Dissolution (MADRID), Presented at the A&WMA/AGU International
Specialty Conference on Regional Haze and Global Radiation Balance, Bend, OR,
October 2-5 (2001)

Pai, P.; Vijayaraghavan, K.; Seigneur, C. Particulate Matter Modeling in the Los Angeles
Basin Using SAQM-AERO; J. Air & Waste Manage. Assoc. 50, 23-42 (2000)

Dabdub, D.; Dehaan, L.L.; Kumar, N.; Lurmann, F.; Seinfeld, J.H. Computationally
Efficient Acid Deposition Model for California, Draft; California Air Resources Board:
Sacramento, CA (1997)

Strader, R.; Gurciullo, C.; Pandis, S.; Kumar, N.; Lurmann, F.W. Development of
Gas-Phase Chemistry, Secondary Organic Aerosol and Aqueous-Phase Chemistry

16



56

67

68

69

70

71

72

Modules for PM Modeling; Coordinating Research Council: Alpharetta, GA (1998)
Lurmann, FW.; Wexler, A.S.; Pandis, S.N.; Musarra, S.; Kumar, N.; Seinfeld, J.H.
Modeling Urban and Regional Aerosols . Application to California’s South Coast Air
Basin; Atmos. Environ., 31, 2695-2715 (1997)

Guthrie, P.D.; Axelrad, D.; Mansell, G.E.; Gao, D.; Brauerman, T.; Cocca, P.; Atkinson,
R.D. Integrated Air Quality Modeling for Regulatory Applications: 1. Description of
REMSAD; ICF Consulting/SAI, San Francisco, CA. Unpublished manuscript (1999)
Seigneur, C.; Hidy, G.; Tombach, I.; Vimont, J; Amar, P. Scientific Peer-Review of the
Regulatory Modeling System for Aerosols and Deposition (REMSAD); U.S.
Environmental Protection Agency, Office of Air Quality Planning and Standards:
Research Triangle Park, NC (1999)

Lurmann, FW. Sinplification of the UAMAERO Model for Seasonal and Annual
Modeling: The UAMAERO-LT Model; Final Report; South Coast Air Quality
Management District: Diamond Bar, CA (2000)

Lurmann, F.W.; Kumar, N. Development of Chemical Transformation Algorithms for
Annual PMio Dispersion Models; Report STI-95410-1602-FR; South Coast Air Quality
Management District: Diamond Bar, CA (1997)

Odman, M.T.; Russell, A.G. A Multiscale Finite Element Pollutant Transport Scheme for
Urban and Regional Modeling; Atmos. Environ., 25, 2385-2394 (1991)

Odman, M.T. Georgia Institute of Technology, School of Civil and Environmental

Engineering, Atlanta, GA. Private communication (1999)

17



2 2 CMAQ

1)
2005 CMAQ
Community Multiscale Air Quality model CMAQ EPA 1998
Byun and Ching,1998
CMAQ
One Atmosphere
CMAQ - - 1
1 lkm 100km
CMAQ 3
CMAQ
UAM Urban Airshed Model = RADM Regional Acid Deposition Model
UAM RADM
CMAQ one-way nesting
Process
Analysis
Plume-in-Grid
http://www.epa.gov/asmdnerl/models3/
(2) CMAQ
CMAQ CCTM CMAQ Chemical Transport Model
CMAQ
2-4 CCTM
2-1
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2-4 CMAQ

ECIP
(Emission-Chemistry ECIP MEPPS(Models3 Emission Processing and Projection
Interface Processor) System) 1 CCTM 3
MEPPS
MCIP
(Meteorology-Chemistry | MM5 CCTM MCIP
Interface Processor) MM5
ICON
(Initial Conditions) ICON
CCTM
BCON
(Boundary Conditions) BCON
CCTM

JPROC
(photolysis processor) JPROC

JPROC
CCTM
(CMAQ Chemical CMAQ
Transport Model)
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A case study of high ammonia concentration in the nighttime by

means of modelinganalysis in the Kanto region of Japan

Tatsuya Sakuraia, Shinichi Fujitaa, Hiroshi Hayami, Noritaka

Furuhashi

Atmospheric Environment, 37, 4461-4465 (2003)

MM5-CMAQ

. MM5 915> 915km( 15km) - 365km ><

365km( 5km) CMAQ 255><205km(- Fig. 1)
° Kannari et 2(2001) (1994
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[ )
[ )

(- Fig. 3) © Observation
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Fig. 1. Modeling domain system, consisting of nested 15 and
8 ktn prids. ig. 3. Time vardation for observed and caleulated concentra-
h vons of NH; at Akagi and Kaguraeaka. The numbers on the
horizontal axis indicate the start time of esch sampling. The
observed wind welocity and wind direction averapged during
every 3h are also shown.

Kannari, A., Baba, T., Hayami, H., 2001. Estimation of ammonia emission in
Japan. Journal of Japan Society for Atmospheric Environment 36, 29 — 38 (in

Japanese).
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RAMS/CMAQ

,40(4),148-164 (2005)

RAMS CMAQ
80km 2001 3,4 2
RAMS 8000km 7200km
80km CMAQ
80km 7868 14  23km _ TFig.2
Streets et al. 2003a,b
SAPRC-99 AERO3
ECMWF
EANET VMAP Matsumoto et al.,2003

Fig. 2 Numerical model domain of RAMS (outer grid)
and CMALG (inner grid). Character symbals are
the location of observation sites (R=Rishiri,
T=Tappi. Ry= Byori, S=5ado, Hp=Happo,
Ts=Tsukuba, Ha=Hachijo, Og=-Ogasawara,
Ok=0d, B=Banryu, Yu=Yuruhara, F=Fukue,
He-Hedo,/Okinawa, Hi=Haterurma and
Yo=Yonaguni)

S02
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,39(5),229-245 (2004)

RAMS CMAQ 2001 4 EC 0OC
2001 4 EC 0OC
0oC
RAMS 25 115
80km  100>=<90 20 23km CMAQ
31 121 80km 7972
16 20km - Fig.1

Streets et al. 2003a
CB4_AE_AQ Byun and Ching,1999
ECMWF

2001 4 EC OC

EC oC

B Fa W

Fig.1. CMAQ domain. Cross points indicate the
surface observation sites (R: Rishiri, S:
Sado, H:; Hachijo, C: Chichijima), dotted
line is drown along course of ship (R/V
Ronald H. Brown), and a circled area
shows flight area of Twin Otter. Y line
shows a north-south line near the 140°E.

oC

EC OC
oC
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CMAQ
JCAP PEC-2004AQ-09 Japan Clean Air Program
CMAQ RAMS
URM
36 139
80km 66><56 20 8km 66><66
19 2km 62><62 19 - Fig4.1
JCAP
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SAPRC-99
2
NOx
Ox
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R e LB SRRy 12 e et
RN YR AMS ] E{.ﬁ
Iﬁﬁ%m o 4km
2km
H T 1km
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H LT +
/ CMAGH+RAMS Grid 1 iz + SUMM)
77 CMAQ+RAMS Grid 0™

Fig.a.1 BR &
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